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ter place on the 25th. Floating ice was observed as far south 
as Boonville, Mo., on the 7th. The James River a t  Huron, S. 
Dak., closed on the 3d, while the Red River of the North, a t  
Moorhead, Minn., was closed during the entire month. 

The lldississippi River closed at  Fort Ripley, Minn., on the 
6th; et St. Paul, Minn., on the 2d; a t  Red Wing, Minn., on the 
1st; a t  La Crosse, Wis., on the 7th, and at Prairie du Chien, 
Wis., on the ad. At Dubuque, Iowa, the ice gorged above the 
bridge on the 14th, but remained open below. At Leclaire, 
Iowa, the river closed on the 7th. 

The rivers of Maine were closed after the 4th or 5th, while 
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the Connecticut closed at Wells River, Vt., on the 3d, and et 
Whiteriver Junction, Vt, on the 9th. 

The highest and lowest water, mean stage, and monthly 
range at  207 river stations are given in Table IV. Hydro- 
graphs for typical pointe on aeven principal rivers are shown 
on Chart I. The stations selected for charting are Keokuk, 
St. Louis, Memphis, Vicksburg, and New Orleans, on the Mis- 
sissippi; Cincinnati end Cairo, on the Ohio; Nashville, on the 
Cumberland; Johnsonville, on the Tennessee; Kansas City, on 
the Missouri; Little Rock, on the Arkansas; and Shreveport, 
on the Red.-H. C. Frmiknfield, Prqfesaor of Hi?tmrology. 
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SPECIAL BRTIOLES, NOTES, AND EXTRAOTS. 

STUDIES ON THE VORTICES OF THE ATMOSPHERE OF 
THE E-TH. 

The columns contain in succession: (1) the barometric pres- 
sure in inches; (2), (3), the diameters of the isobars in two 
directions about 90' apart; (4) the sumof (2) and (3); (6) the By Prof. FRANK H. BIGEMW. Dated Washington, D. G, March 16.1908. 
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BY THE OCEAN-CYCLONE OF OCTOBER 11, 1905. - 
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THE PETEOROLOQICAL DATA. 

A close examination of the isobars in the DeWitte typhoon' No. tilde Lati- 
shows that there is 8 tendency to depart from the spacing 
which is required to produce the geometrical proportions called 
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for by the- formulas of the du&b-bell-shaied-vorter. This 
feature is perceived first on the outer and on the inner isobais 
rather than in the middle ones of the group, and the general 
result is to change from a geometrical ratio for the radii to 
such a spaoing as gives an equal distance between the succes- 
sive radii of the series. This is equivalent to saying that the 
hyperbolic law, vm=constant, which has been employed in the 
dumb-bell-shaped vortex, tends to become the parabolic law, 

- = constant. (Compare the Cloud Report, pages 609,620.) I n  

the hyperbolic type of motion the gyration of the inner tubes 
is much greater than that of the outer tubes; in the parabolic 
type of motion the inner tangential velocities are not so great 
relatively as in the hyperbolic type. It is the purpose of this, 
and the following paper on the land-cyclone, to study the facts 
regarding this transition, and the thermodynamic causes which 
produce them. In the ocean-cyclone with strong development 
we find evidences of both of these types of motion in combi- 
nation, and in the land-cyclone the parabolic type seems to be 
in the lead thruout the arga of the local circulation. The 
subject is much complicated by the fact that the cyclone is 
generated by independent streams of warm and cold air which 
underrun the powerful eastward drift. This feature is influen- 
tial in modifying the types of motion from pure forms to 
others that are quite incapable of being reduced to mathe- 
matical analysis of any simple kind. 

The synoptic weather chart of the ocean-cyclone of October 
11,1906,' constructed by Mr. James Page (see fig. 17), contains 
much of the data required for study. Table 66 contains the 
geographical positions of 110 ships which rendered reports for 
October 11,1905, at Greenwich mean noon, the wind direction 
and velocity, the barometric pressure and the temperature, all 
reduced to metric measures from extracts of the original rec- 
ords prepared by myself for this paper. 

I n  order to eliminate the local conditions and secure the 
data for a symmetrical vortes about a central axis, we proceeded 
as follows: The linear diameters of the isobars were scaled on 
fig. 17, first in the northwest-southeast direction and then in 
the southwest-northeast direction, and the mean radii com- 
puted. 
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Table 66 gives the computations from step to step. 
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See Monthly Weather Review, Ootober, 1908,36, p. 328, andchart IX. 
'Bee Monthly Weather Review, January, 1906, 84, p. 5, fig. 3. 
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 PI^. l'l.-Sgnoptic weather chart of the North Atlantic, Greenwich mean noon, October 11, 1905. (Mecoator Projection.) 

mean radius m; and (6) the difference Am. These values were TABLE 66. - LQ4imtmd of t~ feobar t~  and the radii to a crynnreh.mi W a 
plotted on a diagram and after drawing a mean curve, the - 
smoothed results were.placed in (7) and (8). The log m and 
log p are given in (9) and (10). The metric equivalent of B in 
inches is given in (11); the values of B for the intervals begin- 
ning with 760 millimeters in (12) as interpolated from i3 in - 

The last two columns of Table 66, giving B and m, are trans- 29.90 

ferred to Table 68, where the adjustment of the radii and the 29.80 

velocities are computed. From log m,, is found log p = log m, 2g. in  
- log m,,,. The values of log p are nearly constant from ?9.1io 
B = 755.0 to R = 730.0, while they are somewhat larger above 
755.0 and gradually increase below 730.0. This shows that 29.50 
the radii, as scaled from the chart, do not conform to a loga- 9 . 4 ~  
rithmic law, except in the middle group of isobars. This 49.w 

may be due partly to imperfect data, because the drawing of 29.?o 
the isobars, especially near the center, may be inaccurate, and 29. 

partly to the fact that the vortex is really impure and departs 
from the true vortex law in consequence of the system of forces 
that has generated it, espeoially the asymmetric distribution of m.90 

the temperature which begins to show at the surface in the 28.80 

ocean-cyclone, and to distinguish these vortices from the more z3. 70 
perfect vortices observed in hurricanes. We find the mean, 28.60 

The velocities were next considered, and a collection of the 28.40 

observed tangential velocities u, on or near each isobar, was 
made, so that the mean tangential velocity on each isobar 28.20 

(11); and the corresponding smoothed m in (13). Ins. 

log p,,, = 0.05354 for 2.5 mm. intervals. ?A. 50 

could be computed. See Table 67. - 

Diameters of isobars. 
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TABLE 67.- The observed tangeirtial veloriliss, II, in inetera per aecond. 
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Means ......................... 
Sniootbed ...................... 
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The mean values of u were plotted on a diagram, and the 
average curve drawn thru the points gave the smoothed values 
of u in the lowest line. This is transferred to column (6), 
Table 68. The log t~ is taken, and log u = log w,,+~ - log v,, 
computed for 5.0 mm. intervals. 
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It ii seen that while log u decreases, the range is not very 
great, and the mean value of log u for 6.0 mm. intervals is 

The log u is taken for isobars at twice as great intervals 
as was used for computing log p*,, so that we may adopt the 
following average values, 

when the isobars are 760, 755, 750, . . ., 716. Adopt the 
values of m and u at  the 760 mm. isobar as the standard, and 
compute new values, using the average value of log p,R thru- 
out the system. 

With the adopted conetant logarithms of p and Q derived 
from Table 68, and the following forinulas: 

log a,,, = 0.06222. 

log pm = 2 log Q~,, = 0.10600 

log IG,,+~ = log m,& - log p = log OS,, - 0.10600 
log v,,+~ = log V, + 4 log p = log u,, + 0 05300 
log a+,,+l= log a+,, - 4 log p = log a+,, - 0.05300 

the values of log m, log v ,  log a+, as given in col- 
7, and 8, of Table 69. The second column of the 

table gives the corresponding or final adjusted values of m 
appropriate to the original chart, fig. 17, whose scale is such 
that 1 mm. = 20000 m. = 20 km. = 12.4 miles. 

The fourth column gives the logarithm of the equivalent m 
in meters on the surface of the globe, and the fifth column its 
value in kilometers.. The sixth column gives the adjusted 
value of v in meters per second corresponding to the adjusted 
values of log v in the seventh column. The computed values 
agree closely with those obtained from the chart and data of 
Table 65, except near the center. 

TABLE 69.-At#.~ted ualwa of bg a,,, log Q-, Iog a$,. 
- . ._ 

I 

loam I I lvgm m logu logs$. 

I I I .  . 1.- . 

Our purpose is now to determine the average vortex system 
that is nearly equivalent to the observed ocean-cyclone, and 
compare it +ith the pure vortex from which it may be assumed 
to have departed. The differences between the perfect and 
the imperfect vortices will enable us to construct the disturb- 
ing vortex system that transforms the vortex of hurricane type 
into the observed cyclone. The thermodynamic forces which 
will produce such a disturbing vortex may be attributed to 
the asymmetric distribution of the air masses of different 
temperatures around the axis of gyration. It is noted in the 
last column of Table 69 that the loga+ = log mu is not a con- 
stant as it should be in the perfect vortex, because the tan- 
gential velocities are not great enough along the inner iso- 
bars to conform to the vortex which is represented by the 
outer isobars. It will be necessary then to continue this com- 
putation with a variable current f iiuctioii. 
COMPUTATIONS FOR d, US, 14, U, VU, IN TEE IMPERFECT AND IN THE PER- 

FECT VOBTICEB ON TEE PLANE OF REFERENCE QZ = 50°. 
It was decided to begin the computations on the plane 

nz = 60°, near the sea-level, to give an inflowing angle 
i = - 40°. The angle probably lies betyeen - 40° and - 30°, 
and this will place the plane of greatest angular velocity in the 
strato-cumulus level, about 3,000 meters above the sea-level. 
At the same time the elevation of the upper plane is taken 
8,000 meters above the sea-level, instead of 12,000 meters an 
in the DeWitte typhoon. This gives us, 

180° 
a goo0 + 4000 = 0*016O, 

as the angle-constant. It may be that this plane should be 
taken somewhat higher, but it is probable that the eastward 
drift into which this cyclone penetrates practically destroys 
the vortex head near that level. This is, of course, a point 
for a more careful research. Table 70 contains the computa- 
tions of A,, m,, ii , ,  u,, wI, in the simplest order for the imper- 
fect vortex with a variable value of the current function a+. 
Table 71 contains a similar computation of A,, ar , ito, vo, wo, 
for the perfect vortes with a constant value of t i e  current 
function. A comparison of the values of the velocities in 
Tables 70 and 71 shows how great a disturbance of the per- 
fect vortex has been effected. It is the problem, in a correct 
theory of the cyclone, to account for these differences of the 
velocities. I n  Tables 72 and 73 the results are extended to 
the 10-degree values of az from 50O to 180°, and these enable 
us to proceed with the discussion of the temperature distri- 
bution that is properly responsible for these motions of the 
atmosphere. 
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m 
712.1 
507.4 
41!L 1; 
370.1 
33% 0 
:*18.9 
:w. 1 
ZIY. 0 
296.i 

:m. I :<Is. n 
s39.0 

3 9 . 0  

MONTHLP WEBTaER I1EvIEw. 

TABLE 70.- !lk i m w e c t  dunrb-bell-ehuped ~ ~ 0 r t . t ~ .  

Computations on the plane az = 60°. 

, 

401 

10 
65.5 
44.5 
P . 9  
26.6 
20.4 
14.9 

!I. 3.8 
4.8 
0. IJ 

- 4 . 8  - Y.8 
-14.9 
4 0 . 4  

Radius m =(-. + 
dasinaz 

m 
74.0 
50.3 
38.3 
29.9 
3 . 0  
16.8 
11.0 
5.5 
0.0 

- 5 . 6  
-11.0 
-16.8 
-25.0 

1800 
8000 + 4000' a = --- 

'I) 

11ljo.3 
826.7 
681.7 
603.0 
re2.4 
519.5 
49s. 8 

Current F. + = rlm%innz. 

m 
909.0 
647.7 
635.7 
475.4 
433.8 
4M.O 
:<no. . 

1719.3 
1422.0 
1254.1 
1148.8 
1090.5 
1U37.2 
1Ol:i. 2 
1005.5 
1013.2 
1037.2 
1 m . s  
1148.8 

1346.9 
1114.0 
982.G 
900.0 
n46.5 
821.6 
7YX. R 
767.7 
793.3.8 
812.6 
793.8 
78i.7 

6 Radial. 14. = - Bamcosnr. 
a, a = mo 1800 = 0.016O. 

IT 
ConAtant -4 = 

3 
'G Tangential. 'u = + Aamsinaz. a msinaz 

log sin 50°=9.88425 

0 
& 

Vertioal. ill = + ~ s i n a z .  

' Constants. log p = 0.10600. log 00s 50°=9.80807 
log G = 0.06300. 

log a = 8.17609. 

log asinaz = 8.06034. ' 

log 0 ~ 0 0 0 2  = 7.93416. 

Variable a+. 
. 

Term. 

The values of A,, m,, ul, 'u,, wl. 
...... - . . .  

(0 

7.lsooO 

5.84825 
705100. 

1.33175 
21.5 

3.90859 

7.42316 . om65 
-1.2587 

-18.0 

7.60844 
.001u6 

. 

(7) 
-~ 

7.02100 

5.65025 
339oH). 

1.49075 
31.0 

a xnw 
7.90016 
.00795 

-1.4145: 
-26.0 

a 08544 
.a1217 

.. . . -. _. . - 

(10) 
-. 

6.86pOO 

5.21225 
163020. 

1.649i5 
14.6 

3. IN59 

8.37716 
.02585 

-1.57357 
-37.5 

.03651 
a MM 

.. - . . . . . .  

7.12700 7.07400 

. .  

(1) 
... 

7.33900 

6.16625 
1466400. 

1.11'2i5 
14. Y 

1.22659 

6.94616 . m q 9  

-1 .OM7 
-12.5 

7.131 I4 
.00155 

(8) 

6.96800 

5.42425 
265610. 

1.54375 
35. 0 

3.48459 

8.06916 
.01146 

-1.46757 
-29.4 

.a1756 
a 2 . w  

7.28600 

6.060'25 
11 4ssao. 
1.22575 

16.8 

4.12059 

7.10516 
.0012i 

-1.14957 
-14.1 

7.29044 
.00195 

7.23300 

5.95435 
9m20. 

1.27875 
19.0 

4.01&59 

7.26416 
.OOIM 

-I. 20257 
-16.0 

i. 44944 
.0028? 

6.91500 

5.31826 
208090. 

1.58676 
39.5 

3.37859 

8.218lfi 
.a1653 

-1.52057 
-33.2 

.os32 
a 4o3.u 

5.63625 
432760. 

1.43775 
27.4 

3.696j9 

i. 74116 
.no561 

-1.36157 
-23.0 

7.92644 . 00844 

5. 74225 
552.m. 

1. w 7 5  
24. 3 

3. 8VS9 

7.68216 
.a0388 

-1.30857 
-20.4 

7.76744 . 00585 
.- -- 

log dl 
-4 1 

.. 

TABLE 71.-The pe*f& dumb-beldelmped VO*&. 

The values of Ao, mo, .tio, vo, tuo. Constant ne. 

( 6 )  

7.33900 

5.63625 
4327W. 

1.70276 
50.8 

3.69659 

I. 006lR 
.a1014 

-1.62657 
42.3 

8.1914 
.a1654 

(7) 
. .  

7.83900 

5.55925 
339010. 

1. BOB75 
64.4 

3.59n59 

8.21816 
.a1651 

-1.73257 
-54.0 

8.4034.l . o m 2  

(9) 

7.33!!00 

5.3182s 
2008090. 

2. 0'2075 
104.9 

3.37850 

8.64216 
. W 8 7  

-1.94457 
-sa. 0 

8.82744 
.06721 

(5) 

7.3moiJ 

5.7425 
553100. 

1.59675 
39.5 

3.80259 

7. i M I 6  . 00023 

-1. Wi 
-3% 2 

7.95'944 
.a0954 

(8) 

7.38900 

5.42425 
'165610. 

1. Y1475 
w4.2 

3.48459 

8.4Wlfi 
.026!?9 

-1.1857 
4 9 . 0  

8.61544 
.@#I25 

.. 

7.33900 

11488uo. 

1.27875 
19. u 

4.12rJo1 

7. lJ8lG 
.oMu 

-1. m257 
-15.9 

7.34344 . Uum 

6. rims 

. 

7.33900 

5.96435 
BOOUYQ. 

1.38175 
24.2 

4 01469 

7. :3iOlR 
.ln235 

-1.3085i 
-m. 4 

7.55544 
.w 

7.33900 

6.84825 
iO51OO. 

1.49075 
29.6 

3. Y085!l 

7.68216 . Onns: 

-1.41457 
-26.0 

7.76744 
.00585 

7.33900 

5.21225 
163020. 

2.l!!fi75 
133. 9 

3.272D 

8.85416 
.Oil48 

-2. n5057 
-1 12. 3 

9. U W  . 10951 

7.33900 

6.16625 
i 4 ~ 4 0 n .  

1.17275 

4.9659 

6.94616 
.oolN9 

-1.08657 
-1% 5 

7.18144 ! 

14.9 I 
, 

.00135 I 

TABLE 78.- The imperfect dumb-belhhnped vortex, q1. Remll8 from the hwncnling plclnp n--500. 

The radlel veloclty u, in meters per seoond. The radii m in kilometers. 
- 

(8) 
- 

m 
94.4 
64.2 
48.9 :*, 1 
3 . 4  
21.6 
14. 1 
7. n 
1i.n 

- 7.n 
-14.1 
-21.5 
--b. 4 

-. 

(4) 
.- 

m 
58.0 
39.4 
30.0 
23.4 

s. 7 
4.3 

- 4.3 - 3.8. 7 
-1% 2 
-18.0 

is. n 
la. 2 

a. n 

_ 
(7) 
.- 

m 
83.6 
66.8 

33.8 
26.0 
19.0 
12.5 

li. 2 
0. u 

- 8.2 
-12.5 
-19.0 
-26.0 

a. n 

(3) 
.. .- 

m 
51.3 
34.9 
26.6 
20. i 
16. I1 
11.7 
7.7 
3 .x  
n. o 

-- 2.5 

-16. n 

I .  I - 
-11.7 

Allitude. 

0 

sr=180 

16n 
150 
140 
130 
120 
11u 
100 
! HJ 
80 
711 
60 
50 

170 

0 

CLs=llO 

160 
150 
140 
130 
120 
110 
1OU 
WJ 
80 
70 
60 
50 

im 
aa 

3079. Y 
2194.6 
1815.0 
1600.8 
1166.4 
lain. 2 . 1324.0 
1293. S 
1W3.4 
1298 3 
1324.0 
13.79.2 
1466.4 

m l m  10 
1480. 6 
1056.2 
872.8 
769. 7 
705.1 
663.2 
G36. ti 
621. !I 

G?l.O 
836.6 

617. n 

66". 2 
1n.i. 1 

00 

557. :I 
397.6 
328. R 

265. I; 
24% R 
23!1.8 
2a4. :i 
-.L. 5 
234.3 
23!1. s 
24Y. 8 
265.6 

%in. o 

.,. I, 

OD 

8 . 2  
27.3 
'30.8 
16.2 
12.5 

!I. 1 
6.0 
3.0 
0.0 - 3.0 

- 6.0 
- 9.1 
-12.5 

m 
45.4 
to. 9 
23.5 
18.4 
14. 1 
10.3 
li. s 
3. 4 
0.0 - 3.4 - 6.8 

-10.3 
-14.1 

. . .  

552.4 i 432.8 
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9.0 
1'2.7 
16.4 
17.4 
19.0 
9 . 2  
21.0 
21.5 
21.7 
21.5 
21.0 
20 a 

TULZ 'la.--The imperfect dumb-bell-glqed vortex, q1. Resztlte from t k .  
tm&.ing plane n-5W-Continued. 

The tangentid velocity wI in meters per second. 

10.2 
14.3 
17.3 
19.7 
21.5 
22.8 
23.8 
24.3 
24.5 
21.3 
23.8 
22.8 

TABLE 74.- The cornpolrent vortm, JI1 - T),, = JI,. Ths reamcling wortex. 

The radii m remain the same (see table 72). 

The radial velocity u, = id1 - u,,. 

- 
- 6 . 9  
4.0 
4 . 1  
-2.3 
-1.8 
-1.4 
-0.9 
-0.4 

0.0 
+0.4 
i o . 9  
+1.4 
+ l .8  

- 
-4ltituda 

- 
-14.2 - 9.6 - 7.3  - 5.8 - 4.4 - 3.2 
- 2.0 - 1.0 

0.0 + 1.0  + 2.0 
+ 3 . 2  
+ 4 . 4  

-- 
(a) I (4) 

. . . . 

.I1102 

.OlZ 

.014!1 . Ol5i 

. o m  

. . . 
,0147 
.nl i l i  

.0215 

.OZ"li 

. ow8 

. . 

(1) 
-- 

OD 
40.2 
27.8 
20.8 
16.2 
12.6 
9 1 
0.0 

0.0 
- 8 . 0  
- G . O  - 9.1 
-12.5 

3.0 

. 

(2) 
- 

m 
51.3 
3L9 
26.6 
20.7 
15.9 
11.7 
7.7 

0.0 
- 8 . 8  
- 7 . 7  
-11.7 
-15.9 

as 

OD 

83.6 
56.8 
43.3 
83.8 

19.0 
IS. 5 
6.2 
0.0 

- 6 . 2  
-12.5 

26.n 

106.7 
72.5 
65.3 
43.1 

24.3 
15.9 
7.9 
0.0 

- 7 . 9  
-16.9 

.w.z 

173.8 '391.9 
150.9 
115.0 
89.5 
69.0 
50.4 
33. 1 

. 16.4 
0.0 

- 7.6 - 6.9  
- 6.5 - 6.2 - 6 .0  
- 6.0 - 6.0 
- 6.2 
- 6 . 5  - 6.9 

-13.5 
-12.4 
-11.5 
-11.2 
-10.9 
-10.9 
-10.9 
-11.2 
-11.5 
-12.4 

(6) 
- 

0.0 
13.0 
18.3 
22.1 
25. 1 
27.4 
%J. 1 
30.3 
31.1 
31.3 
31.1 
:lo. 3 
$1. 1 
27.4 

__ .. 

(7) 

0.0 
14.7 
20.7 
3.0 
28.4 
31.0 
$5.9 
34.3 
36.1  
35.4 
35.1 
34.3 
z2.9 
31.0 
- 

(8) _- 
0.0 

16.7 
3 . 4  

J2. 0 
35.0 
37.9 
38.7 
39.7 

:XI. , 
&*. 7 
37.2 
:a. 0 

28.3 

40.2 

. _- 

(2) 

0.0 
8.0 

11.2 
13.6 
15. 4 
10.8 
17.9 

19.1 
19. 2 
19.1 
18.6 
17.9 
16.8 

la 6 

(1) 
. 

0.0 
7.1 
9.9 

12.0 
13.6 
1Q 9 
15.8 
16.6 
16.9 
17.0 
16.9 
16.5 
16.8 
14.9 

Altitude (4) 

- 
-25.6 
-17.4 
-13.3 
-10.4 - 8.0 
- 5.8 - 3.8 
- 1.9 

0.0 + 1.9 
i 3.8 + 5.8  + 8.0 

(7) 
0 

lZZ=180 
170 
160 
160 
140 
130 
I20 
110 
100 
90 
8u 
7u 
60 
50 

0.0 
11.6 
16.2 
19.6 
2 . 2  

L5.8 
26. 9 
27.6 
2i. i 
27.5 

25.8 
24.3 

?4.3 

m. 9 

0 

ax=IW 
1 70 
160 
150 
140 
130 
120 
110 
100 
90 
80 
70 
60 
50 

- 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

n. o 

- 
-41.2 
-28.0 
-21.4 
-16.6 
--12.8 - 9.4 - 6. 1 - 3.1 

0.0 + 3.1 
i 6.1 + 9.4  
+IO. 8 

- 
42.2 
42.3 
-32.3 
-25.2 
-19.3 
-14.2 - 9.3  - 4.6 

0.0 
-k 4.6 + 9.3  
+14.2 
+19.3 

- 
-90.2 
-61. 4 
-47.1 
-4%. 6 
-28.0 
-20.5 
-13.5 
-.6.7 

0.0 + 6.7 
+13.5 
+20. 5 
+?R. 0 

- 
--137.5 
- 86.7 
- 66.1 - 51.6 - 99.6 - 28.9 - 19.0 - 9.4 

0.0 + 9.4 + 19.0 + 18.9 + 39.6 
_- 
- 

0.0 
-22.4 
4 1 . 5  
-3s. 1 
-43.3 
-47.2 
-50. 2 
-52.3 
-63.6 
-53. n 
-53.5 
-52.3 
- 3 . 2  
-47.2 

The vertical velocity tul in meters per second. The tangential velocity v1 = vl - vO. -- 

QX=180 
170 
160 
154 
14U 
1:W 
1 2% 
110 
IIJO 
90 
gn 

61) 
M 

70 

.0000 

.ooon 

.0018 . W26 .. 0034 

.0046 . ~0.50 

.0052 .om . ons2 

. 11041 

.oooo 

.0019 

.00:18 . no55 

.a071 

.I1104 . lllll9 

. UIO!I 

.I1104 

.IIW5 

.OOY.I 

. on84 

.niins 

. i i i in 

- 
0.0 

-16.0 
-22.3 
-27.0 
-30.6 
-3s. 4 
-35. 6 
ai. n 
-47.9 
3 8 . 2  
-37.9 
-37.0 
-3b. 6 
-33.4 

. woo 

. 013  

.W26 

.oooo . m 3  

.ooo6 . OOOY 

.MI2 

. W l 4  

.W15 

.0016 
,0017 
.'oOlR 
.ool i  
.0016 
.0015 
.0014 

. oooo 

.o006 
.0013 
.00lS . OM4 
.00% 
. w 9  
.w1 
.m 
.OW7 

0.0 
-1.0 
-1.5 
-1.8 
-2.0 
-2.2 
-2.8 
-2.4 
-2.4 
-2.5 
-2.4 
-2.4 
-2.3 
-2.2 

0.0 
- 7.2  
-1u. 2 
-12. s 
-14.0 
-15.2 
-16.2 
-16.9 
-17.3 
-17.4 
-17.3 
-16.9 
-16.2 
-16.2 

0.0 
-11.0 
-15.4 
-18.7 
-21.1 
-23. u 
-24.5 
-26.6 
-2ti. 1 
-26.3 
-26.1 
-25.6 
.-H. 5 
-2a o 

1 3  ' 0.0 
110 0.0 
100 0.0 

0.0 
0. u 
0.0 
0.0 
0.0 

- 5 . 9  10.5 
-6.0 I 110.8 
-6.U -10.9 
-6.0 I -10.8 

-5.6 -5.9 -10.5 10.0 
-5.2 I 1 9 . 5  

. w25 

. on25 90 
SO 
70 
60 
50 

. OU75 

TABLE 73.-The perfect dumb-bell-shaped .uortm, &,. 
The radii co remain the same (see table 72). 

The radial velocity tho in meters per second. 

The vertical velocity w, = m1 - w,,. 
__- 
.m -. m 5  

-.0187 
-. 0274 -.om -. MI9 
-.a74 
-. 0513 -. 0559 -. 0646 -. 0589 -. a513 -. 0474 -. 0419 
- 
-. . - 
- 

-129.4 - 92.2 - 76.3 - 67.3 - 61.6 - bao - 55.7 - 54.3 - 53.9 - 5L.3 
- 55.7 
- 1 . 0  - 61.6 

a.z=lSO 
1 io  
150 
140 
180 
120 
110 
I00 
90 
.so 
70 
60 
50 

I rfi 

.oooo -. a016 -. 0031 -. 0016 -. w.59 -. ou71 
--.0081 
-. 0087 -. 0093 -. m3 -. w93 -. OM7 -. 0081 -. 0071 

. o o o o '  .woo 
-.m -.0054 
--.0059 --.0106 
-.a086 ~ - .~IM -. 01 10 -. 0199 
-.0131 I -.WB 
-.0148 ' -.0268 

-.0162 -.0169 i - . m 1  -.os01 -. 0172 -. IJ:m 
-.0169 I --.OW1 
-.0162 -.0291 
-.014E -.0268 -. 0131 -. 0236 ! 

AI titude. 
. __ 

0 

(u=180 
170 
160 
150 
140 
130 
la0 
110 
100 
90 
80 

60 
50 

m 

-. . .. 

OD 

65.5 u. 5 
33.9 
26.5 
20.4 
14.9 
9.7 
4.8 
0.0 - 4.8 - 9.7 

-14.9 
-20.4 

IL 

1%). 2 
92. I; 
70.6 
55. 1 
$9.3 
31.11 
'Lo. 3 
10.1 
0.0 

-10.1 
-20.3 
-31.0 
4 2 . 3  

118.2 
90.1 
70.3 

89.6 
26.0 
12. 9 
0.0 

-12.9 
-26.0 
- 3 9 . 5  
-54. 0 

a4.n 

-.011?0 ~ --.ow2 

The total velocity q2 = I& - q,,. __ 
- 

u.0 -6.0 

0.0 I -3.5 
-o."l 4 . 2  

I I 
-16.4 
-33. 1 
4 0 . 4  
-69.0 

-71.8 I z . 2  

-24.7 1 4 7 . 2  
-2D.8 -45.0 

-21.7 -?3.9 

-18.7 -28.3 
-18.0 ~ -2 i .2  
-17.6 -26.6 
-17.5 ' --'LG..9 
-17.6 I -26.6 
-18.0 -2i.2 
-IS 7 ' -28.3 

-19.9 -3o.i 

-19:9 ! -30.1 

- 
-91. li 
-65.3 
-54.0 
-47.7 
--.13.6 
-41.0 
49.4 
-3s. 5 
-3.9. 2 
-3s. 5 
- 3 9 .  4 
-41.0 
4 3 .  6 

nz=180 
170 
1 8  
150 
140 
1.30 
120 
110 

90 
80 
70 
60 
60 

in0 

. - 
. . ~  , .. 
0.0 -3.1 
0.0 ! -2.8 
0.0 ~ -2.7 
0.0 -2.6 
0.0 -2.s 
0.0 -2.5 

0.0 -2.6 
0.0 -2.7 
I ) .  0 -2.8 

n.o -2.5 

The tangential velocity w, in meters per second. 
___ 

0.0 
38.1 
54.9 
66.4 
75.3 
Be. 2 
S i .  4 
91.0 
93. 2 
93.9 
9% 2 
91.0 
R7.4 
82.2 
- 

I I I I I I 

==180 
170 
160 
150 
140 
130 
120 . 110 
100 
90 
80 
70 
60 
50 

50.4 I 64.4 
53.13 I 68.5 

THE REXEBBIN(I VORTEX AND THE COMPOSITION OF VORTICES. 

By comparing the perfect vortex +,,, of Table 73, with the 
imperfect vortex +,, of Table 72, it is seen that a reversing 
vortex, +,-+,,=e*, added algebraically to Q,, will produce Q~. 
This vortex rotates in the opposite direction to the observed 
vortex and it descends from the clouds to the surface. The 
radii tu,, of these vortices +!, Q,, +,, are assumed to be identi- 
cal. This reversing vortex is equivalent to a system of forces 
which are operating to retard the imperfect vortex el so that 
it can not reach the perfect vortex. eo in its development. 
These resisting forces are (1) the simple friction; (2) the in- 
ternal minor rotations and inertia vortices; (3) the asymmetri- 
cal distribution of temperatures so that they do not readily pro- 
duce vortex motion, but nearly horizontal currents which are 
much less fully organized than in symmetrical vortices. This 
method of determining the total forces of resistance at  any 
point may have great value in meteorology; it promises to be- 

27.5 %5. l i 44.S 
26.9 .W 3 48.8 
25. 8 E 8  ' 42.0 
24.2 31.0 ' 39.5 

. !  I ! I I I 

The vertical velocity w,, in meters per second. 
~. 

.m 

.0005 

.0010 

.0011 

.a018 . 00T2 

.0@5 . 0027 . m8 
,0029 
.002R 
.Wi 
.m5 
.ooa2 

- 

.0046 I .007.5 

.a046 I .w75 

.@Mi ,0076 

.0041 .OOi2 

.OM1 ' .00M 

.0086 .0058 

QZ=lW 
I70 
160 
150 
140 
130 

.0000 . ooos 

.0006 

.ooo9 

.0012 

.0014 

. om 

.00B 

.0043 
,0062 . om0 
.m5 
.010s 
.0117 
.OI?S 
.0124 
.0123 
,0117 
.0108 . 0095 

.moo 

.0094 

. 0 1 a  . V269 

.@U6 

.a12 

.046G . 0.506 

. &.<8 

.a530 . l 0 l i  
,0466 
.0412 

. n m  

__ 

.01m ' .I3212 

.0155 I .0253 

. O l i f i  I .0286 

.ow1 .nai l  

.W209 I .OX6 
.03Xl 

.om 1 
.Olifi ,0266 
.016.i .on3 

tz j .03)ti 

I 

Izn I .0015 

60 ,0015 
50 .MI4 



DEOEMBEB, 1908. MONTHLY WEA!mEB REVIEW. 403 

come a fruitful method of discussing the difficult problems of 
friction and inertia in the atmosphere. 

Instead of deriving the resistance vortex by computing the 
imperfect and the perfect vortices separately, we can proceed 
directly from the formulae. I f  the values of A, in the revers- 
ing vortex be computed from the values of ur, v,, wZ, produced 
by composition, it is found to be the same as would be ob- 
tained by subtracting the constants, A,-A,=A,, at once. 
Imperfect vortex, Perfect vortex, Reversing vortex, 

ill= A,nmsinaz, vo= A,amsinae; vu,= ( A , -  A,)nmsinaz, 
tu,= 2d,sinuz. 

The values of. (A,-A,) found from u,, 5, to,, respectively, 
are identical. In  other words, by subtracting the constants 
A, in Table 71 from A, in Table 70 the values of (A41-A0) will 
be found which will reproduce the vortex of Table 74, the 
signs being as there computed. It follows, from this exposi- 
tion, that a vortex can be analyzed indo its compone)its, or the resiilt- 
ant vortex caii be found from its conip0ne)its. If, on a given level 
my the velocities u, v, w, are observed in a vortex whose vertical 
dimensions are determined thru the a-constant, we shall find 
values of A which may or may not be in harmony with each 
other. If we similarly compute the values of A on different lev- 
els for the proper radii m,,, their divergence or agreement will 
permit a discussion of the internal forces that have caused them 
to change from a given vortex type. Since the land-cyclones 
are apparently based upon the dumb-bell-shaped vortex, tho it 
has been much depleted, it yet offers us a method of study- 
ing several difficult problems. The Cloud Report contains 
much data in form for such an application, and it is there- 
fore of interest to consider to what extent the observations, 
as there discust, are in harmony with this vortex. Since 
the forces producing the motion in a cyclone are entirely 
different from those in a hurricane it is not probable that 
there will be any close agreement. It would leave an erro- 
neous impression to suppose that the ordinaxy dumb-bell 
vortex, even if it be defective, is still to be found in the land- 
cyclone, because the vortex there represented is a concave 
dumb-bell vortex and not a convex vortex, as already illustrated 
in the tornado and the hurricane. The ocean-cyclone has been 
used merely as a transition type between the concave and the 
convex types of dumb-bell vortices. 

u,= - A,U~COSUZ, u,= - A,UCDZOSUZ, tb2= - ( A,-A,)u~scosuz, 

tuo= 2d,sinaz. iuI = 8 (4, - A,) sinaz. 

A BRIEF HISTORICAL REVIEW OF THE TEEORIES OF STORMS. 

Cyclones and anticyclones have usually been treated as 
masses of air with warm and cold centers, respectively, by 
meteorologists. Two theories stand in contrast to this gen- 
eral view: (1) Dove’s theory of the mechanical interference of 
currents moving in different directions; and (2) Bigelow’s 
thermodynamic asymmetric currents of different temperatures 
which produce cyclonic and anticyclonic circulations with 
their centers near the edges of these currents. As Dove’s 
theory deals with long currents it will be proper to recall 
the exact status of his theory. Dove wrote with much per- 
spicacity for a great period of time, 1837-1873, wherein he was 
a collector of facts observed in various parts of the world, which 
were discust in a descriptive manner rather than by a mathe- 
matical method. His cc Law of Storms,” second edition, 1868, 
translated by Robert H. Scott, is most easily accessible to 
English readers, and the following references are made to that 
book. All meteorology is to be classified under thermody- 
namics and circulation, and a few extracts will make Dove’s 
views plain on both points. 
(1) T}~e,nionynn,)iic~.-This subject is distributed into the 

cases of circular masses, and of parallel streams. 
(Page 18.) If any point in a liquid be heated more strongly than the 

others, currents arise in it, and the colder particles flow from all sides 
toward this heated point. 
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(Page 256.) If two currents, on coming in contact with each other, have 
altered their paths thru any angle, so that  they flow in opposite d i m  
tions is parallel channels, the following question arises: What oondi- 
tions will muse mutual lateral displacement after such a state of things 
as that  described is once in existence? The most obvlous cause ia to 
be found in the fact that  the cold air  of the  polar current exerts a greater 
lateral pressure than the  warm air of the  equatorial current and there- 
fore has a tendency to displace it. 

(Page 79.) The equatorial current flows from a warm to a cold, and 
the  polar current from a cold to a warm region. The characteristic dif- 
ferences of these currents may always be traced to their ditrerences in 
temperature, and to ditrerences in the action exerted by t h e  earth (gravi- 
tation) on them in their course. 

(Page 83.) As regards the mutual displacement of the currents, I have 
ascertained, from observations which have been carried on at K6nlge- 
berg for a long series of years, that  the southerly current displaces the 
northerly in the  upper strata of the atmosphere before it does so in the 
lower strata; while the displeoement of the southerly by the  northerly 
takes place flrst in the lower and afterwards in the  upper. 

These displacement propositions are, of course, the common- 
places of the thermodynamics of fluids of different tempera- 
tures. Unfortunately meteorologists have followed up the 
central-mass system, to the exclusion of the parallel-current 
system, in the analytical discussions, and the results have been 
disappointing. . The second equation of motion readily yields 
central solutions, while the hydrodynamics of the parallel-cur- 
rent systems is exceedingly difficult to work out in a practical 
form. It is easy to state the general thermodynamic problem, 
but hard to make applications in the atmosphere. Margules 
has given several cases for model conditions, particularly under 
adiabatic transformations, but in the free air adiabatic condi- 
tions prevail over such limited spaces before breaking up into 
minor mixing vortices, that they are not readily transferred 
to the problems of cyclones and anticyclones. Bigelow has 
sought to point out some modifications in the thermodynamic 
formulas, and especially to collect the observations in the sev- 
eral strata up to 10,000 meters, in such a form as to make a be- 
ginning in the study of the real thermodynamics of the atmo- 
spheric circulation. 

(2) Circulation.-In his treatment of the circulation of air over 
the hemisphere and in local cyclones, Dove has not been so hap- 
py as in his thermodynamic suggestions. He discusses (1) ra- 
dial motions toward a center below, and away from a oenter 
above; (2) tangential motions around an axis; (3) motions in 
straight parallel lines; (4) motions to and from the apex of the 
sector formed by the converging meridians. He is chiefly in- 
terested in establishing a cclaw of gyration,” by which the cir- 
culation is directed from the south thru west, north, and east. 
The chief if not the sole application of his thermodynamics 
of lateral expansion, is in the justification of this rule, but he 
says: 

(Page 175.) When I flrst published my papers on the  winds, I was d i e  
posed to refer the law of gyration, as well as the  rotary motion of storms, 
to the mutual interference of two currents of air, which alternately dis- 
place each other in a lateral direction A closer examination of the  phe- 
nomena showed me that  the law of gyration depended on more general 
principles, and that  i t  was a simple and necessary consequence of the 
motion of the  earth on its axis. 

He thereby stated the practical effects of the “deflecting 
force ” due to the earth’s rotation, but abandoned the lateral 
displacement theory as regards the formation of storms. 
Dove’s mechanical theory of interference of currents flowing 
in different directions is stated in many places, and seems to 
have been derived from his conception of the action of the 
upper and lower trade-winds in producing hurricanes which 
form the initial stage in cyclones of the higher latitudes, and 
are analogous in their formation under all circumstances. 

(Page 176.) It was not until later that  I was able to supply this defl- 
ciency by proving that  a cyclonic movement was produced whenever the 
interposition of any obstacle interfered with the  regular change in the 
direction of the  wind, which is due to the rotation of the earth. 

(Page 185.) This renders it probable that  the  primary muse of the West 
India hurricanes is the  intrusion of a portion of the  upper trade-wind 
into that  which lies underneath it. 
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(Page 188.) The interference of a current flowing from east to west 
with another which is flowing from southwest t o  northeast must neces- 
sarily generate a rotatory motion in the  direction opposite t o  tha t  of the  
hands of a watch. According to this view the  hurricane which advances 
from southeast to northwest in t h e  under trade-wind represents the ad- 
vancing point of contact of two currents in the upper strata which are 
moving in directions at right angles to each other. This is the primary 
cause of the  rotatory motion. 
(Page 196.) The upper part of the cyclone will accordingly dilate at 

once and advance in a direction dmerent from that  of t h e  other part. 
Hence, as a secondary phenomenon, a suction will ensue in the center of 
the cyclone and, also, a diminution of pressure over the surface of the  
earth. 

I n  regard to the general circulation, Dove conceives the 
vertical section as a figure 00, with the ascending currents 
both at the equator and poles, crossing in the outer limit of the 
Tropics. 

(Page 271.) The upper counter-trade of the Torrid Zone descends at the 
outer edge of this area; flows into the Temperate Zone; rises again when 
i t  comes into higher latitudes; flows back as a polar current in the up- 
per strata of the  atmosphere of the Temperate Zone; descends afresh at 
the Tropics; flows in  toward the  equator along the  surface of the ground 
88 the  ordinary direct trade-wind, and at the equator rises again. 

(Page 221.) The West India hurricanes are due t o  the  interference of 
lateral cross-currents with the upper trade-wind on i ts  return from the  
equator, portions of which, being foreed to enter the lower strata of the 
atmosphere, meet with a constant wind, moving in a direction opposite 
to their own and thus  produce a cyclone. Outside the trade-wind area 
the upper current descends to the surface of the earth, and is predomi- 
nant there in ditIerent districts at different times, while the under-cur- 
rent in the opposite direction is not constant. Here, then, we shall 
flnd that  the  conditions of interference will be constantly presented, but 
the  ourrents will be directly opposed to  each other so that  they will only 
check each other’s progress. 

It is evident that Dove’s theory of interference and obFtruc- 
tion for the formation of cyclones induced him to describe a 
circulation over the hemisphere which is partially correct 
in the temperate zones, but erroneous in the polar zones. 
Since the ordinary canal theory of the circulation with a pole- 
ward current from the equator to the pole in the upper strata, 
and a return current from the pole to the equator in the lower 
levels (Ferrel, Oberbeck), could produce no currents of different 
temperatures on the same levels,whether high or low, therefore 
in the Cloud Report I described the IL1eakage current,” escaping 
from the Tropics in certain longitudes, as on the western side 
of the Atlantic high area, by which warm currents are thrown 
into the United States from the south to meet the cold currents 
from the north in the lower strata. The theory of interfer- 
ence and obstruction was rejected, and a theory of the asym- 
metric cyclone and anticyclone described, depending on the 
lateral interpenetration of the warm and cold massea, thus 
using the key which Dove threw away, and which is evidently 
the only key to unlock this problem. Compare Cloud Report, 
Charts 20-35, p. 606-609, 612, 615-633, and numerous papers 
in the MONTHLY WEATHER REVIEW. 

Ferrel sought the explanation for cyclones in a cold- or 
warm-centered vortex, as did Guldberg and Mohn, Oberbeck, 
and others, using different solutions of the second equation of 
motion, but the source of heat energy at the center is so in- 
consistent with the observed distribution of the temperature, 
that the symmetrical cyclone was abandoned by me in favor 
of the asymmetrical cyclone and anticyclone. The difficulty 
in making progress with this view was due to the fact that for 
several years following 1898 reliable temperature observations 
in the free upper strata were not available as they have since 
become thru the reports of balloon and kite ascensions. Those 
that have been obtained show that the asymmetric tempera- 
ture distribution found at  the surface presists to the top of the 
cyclonic disturbance of the eastward drift in substantially the 
same relations, so that the problem can now be resumed. The 
preceding papers of this series, as well as the ‘( Studies on the 
Thermodynamics of the Atmosphere,” 1907, are simply intro- 
ductory to the cyclonic problem, which will no doubt require 
much oareful mathematical study. 

DECEMBER, 1908 

It is easy to state a theory in general terms of the action of 
warm and cold masses on each other in horizontal directions, 
but to pass thru the thermodynamic equation8 to the dy- 
namic stream-lines in so complex a system of flow, involving 
hydrodynamic conditions which are neither simple nor 
constant, is a work of extreme difficulty. Hann found evi- 
dences that the temperatures in the levels above the surface 
layers did not conform to the central or symmetrical theory 
of Ferrel, but he believed that the change of temperature, 
from warm to cold in cyclones, for example, was a dynamic 
effect such as is produced in ascending currents. The asym- 
metric theory calls for no such dynamic action to produce 
thermal effects, but, on the contrary, it takes the observed 
existing thermal conditions, and finds from them the necessary 
cyclonic dynamic circulations. In the preceding papers of this 
series we have been able to trace certain tornadoes and the 
hurricane to the simple dumb-bell vortex, but in the ocean- 
cyclone there is evidence that the vortex is becoming very 
imperfect, so that the dumb-bell vortex must be greatly modi- 
fied to be applicable to the ocean-cyclone, and so much the 
more, to the land-cyclone. One of the chief labors of the Cloud 
Report, 1896-97, was to compute the radial component of the 
velocity, .u2, from the cloud observations, and this result, Table 
126, p. 626 of that report, will be employed in the following 
paper on the land cyclones to bring out some of the leading 
features of this difficult problem. 

DEFICIENT HUMIDITY INDOORS. 
By Y. E. DAY, B. Sc Demonatrator of Physics, YcGlll University. 

Dated Montreal, December ?I, 1908. 

In  view of the republication’ of Prof. R. DeC. Ward’s ob- 
servations on the relative indoor and outdoor hygrometric con- 
ditions in the neighborhood of Boston and Cambridge, Mass., 
it is interesting to compare these with some similar investiga- 
tions carried on in Montreal during the winters of 1906 and 
1908 by Dr. T. A. Starkey and Dr. H. T. Barnes,’ of McGill 
University. This work was undertaken in order to determine 
the effect of a successively dry atmosphere on the human 
organism-a question of great moment in Canada, especially 
in those parts where during the winter months the heating of 
the houses necessitates the heating of the indoor atmosphere, 
thereby causing a tremendous drying of the air. And this is 
the first condition for the difference between the air in the two 
places. Professor Ward was working with an indoor and out- 
door difference of about 35O F., while in Montreal this increases 
to a difference of from 70’ to 100’ F. during the colder months. 
Knowing that if we warm n given quantity of air completely 
saturated with water vapor a t  the initial temperature, it no 
longer remains saturated, we can readily see what an enormous 
change in the relative humidity is entailed by heating outside 
air at a temperature of Oo F., or below, to a higher tempera- 
ture. 

As a danger to the health caused by this excessive dryness, 
Professor Ward mentions the strain put upon the body going 
out from a high temperature and very dry atmosphere into an 
atmosphere low in temperature and comparatively high in 
humidity. Starkey and Barnes find another and quite as seri- 
ous a danger in the direct effect of the dry atmosphere itself. 
This condition is well borne out by some striking illustrations. 
To quote from this paper:’ 

The action of a dry atmosphere affecta primarily the mucou8 mem- 
branes lining the respiratory tract, chiefly that  of the  nose. the throat, 
and the bronchial tubes. It is a peculiarly mechanical irritant, result- 
ing in a condition of congestion of the mucous membranes before men- 
tioned. I f  this irritation be continued for any length of time these swollen 
niembranes with difficulty regain their normal state. We have thus all 
the conditions favorable for a chronic catarrh, and this chronic condition 
being established we get all the  typical fiymptoms of nasal-pharyngeal - - 

Monthly Weather Review, September, 1908; 26: 28i 
‘Trans. Roy. SOC. Can. 


